In this review, we will discuss efforts and challenges in understanding and developing meaningful outcomes of critical care research, quality improvement and policy, which are patient-centered and goal concordant, rather than mortality alone. We shall discuss different aspects of what could constitute outcomes of critical illness as meaningful to the patients and other stakeholders, including families and providers.
INTRODUCTION
'A healthy person has a thousand wishes, a sick man has but one' [1] .
In the 1950s and 1960s, when the field of critical care was developed, the primary focus was on survival -to take an imminently dying patient, support vital organs with pharmaceutical infusions and machines, and save the patient from the throes of death. Although critical care rescued many patients, its practitioners also recognized that sometimes critical care prolonged the dying process. More often, patients who survived did not return to their normal selves. In 1984, approximately 20 years after the development of critical care, an English ethicist Gordon Dunstan made a following statement regarding meaningful outcomes of critical care: 'The success of intensive care is not, therefore, to be measured only by the statistics of survival as if each death is a medical failure, it is to be measured by the quality of life preserved or restored, and by the quality of dying of those in whose interest it is to die, and by the quality of human relationships involved.' [2] . Half a century later, it is hard to summarize any better what critical care is all about.
The proliferation of critical care research with the advance of electronic health records, precision medicine, and multicenter clinical trial networks is laudable but will fall far short of its promise unless outcomes of the research are assessed in a meaningful fashion. An important bias in the way we approach clinical research is our tendency to focus on what is easily measured whether they are conveniently counted outcomes such as death or association studies of molecules and disease states. It is exceedingly difficult to try to reliably incorporate into research that which is important but not so easily measured. Figure 1 illustrates the occurrence of the critical illness during the lifespan and the pathways of survival and dying after an encounter with critical illness. In this review, we will consider the burden of critical illness, the definitions of meaningful outcome and a brief overview of
THE BURDEN OF CRITICAL ILLNESS
One in five Americans dies in the ICU [3] , and virtually all of the current generation will have an ICU encounter during lifetime. Figure 1 illustrates the occurrence of the critical illness during lifespan and the pathways of survival and dying after critical illness.
Critical illness carries with it a fiscal burden of about $55 billion in the United States [4] . Patients who die in the hospital after an ICU stay experience an average cost of US$24 541 for ICU hospitalizations that end with a patient's death [3] . Survivors of critical illness are at risk for subsequent hospitalization, outpatient evaluation and healthcare-related costs [5] . A 1-year mean posthospitalization cost for acute respiratory distress syndrome (ARDS) survivors was estimated to be US$43 200 [6] .
From the patients' perspectives and according to goals that are meaningful to them, it is essential to understand the burden of survival as well as dying from critical illness. Elderly patients (older than 65 years) account for about half of ICU admissions [7] . The combination of increasing age, frailty and comorbidities has a profound impact on long-term outcomes after critical care [8] . Although severity of illness has been observed to impact short-term mortality, age and preexisting comorbidities are the major determinants of long-term outcomes [9] . In the elderly group with comorbidities, even those without baseline functional impairment, who undergo prolonged mechanical ventilation,
KEY POINTS
Meaningful outcomes of critical illness are important to understand and define from the perspectives of patients, families and providers.
Meaningful outcomes need to be concordant with patients' wishes. From the patient's perspective, the quality of life, independence, and quality of death and dying are often as or more important than survival per se.
Preexisting functional, cognitive and psychosocial status and both quality of life and quality of dying have to be taken into consideration when testing novel research, quality improvement and policy interventions. FIGURE 1. Critical illness during lifespan. We're all walking on a diamond-shaped plateau in the middle of a chasm. Babies start at one tip -pretty close to the edges. Then, as children, adolescents and young adults, we live in the fat part of the diamond, pretty far away from danger. As we age, we move toward the farther tip of the diamond. Preventive medicine seeks to keep people in the middle, away from the edges. Restorative medicine tries to pull people away from the edge or throw them a rope when they slip off. Hospice medicine helps cushion the blow when people fall off for the last time. Palliative medicine works alongside all three to help people feel better despite the treatments we mete out. Some folks want to walk along the center line. They're conservative and avoid smoking, drinking and so on. Some folks like to walk close to the edge all the time. Some folks like to walk up close to the edge from time to time, just to remind themselves of what the abyss looks like. We try to help all of these people feel better during their journeys and make some sense of the journey too. That's the caring part.
Accurate assessment of baseline functional, cognitive, psychological and social reserve is essential for interpreting the effects of ICU exposures and interventions. Yet these are rarely accounted for in critical care research. We have seen that the development of ICU delirium is associated with worsening or developing long-term cognitive impairment ]. Long-term follow-up studies observed an increased incidence of depression and posttraumatic stress disorder (PTSD) in survivors of critical illness [15, 16] . One-third of ICU survivors experience symptoms of anxiety during their 1st year of recovery [17] . In about 52% survivors of ARDS, symptoms of depression, anxiety and PTSD persisted. The preexisting psychological illnesses were an important determinant of development and persistence of these symptoms after critical illness [18 && ]. Physical functioning, which includes bodily function, activities of daily living (ADL) and participation in social roles, hobbies and return to work, is another area, in which survivors of critical illness experience deterioration [15,19 & ,20] . A prospective observational cohort study showed that survivors of critical illness had a 32 and 27% decline in ADL at 3 and 12 months, respectively [15] . In a multicenter cohort of ARDS survivors, significant physical and cognitive deterioration has been observed at 6 and 12 months [21] . Again, diminished baseline function predicted subsequent decline in these parameters at 6 months [22] .
The model of critical illness describing outcome pathways after critical illness in the context of preexisting condition is illustrated in Fig. 2. 'MEANINGFUL' OUTCOME: TO WHOM AND FOR WHAT PURPOSE Medical science is unique in that it works at the intersection of biography and biology. The meaningful outcomes of critical care research therefore should seek to exploit this union, endeavoring to understand how illnesses affect the ways individuals live and make sense of their lives. Other sciences, such as economics or epidemiology, have human well being at the center of their interests, but they do not have the intense personal focus of medicine. What defines an outcome as 'meaningful' versus 'not meaningful' depends on from whose perspective one evaluates meaning and for which purpose meaning is evaluated. Some outcomes may be meaningful for clinicians or researchers, but less meaningful for patients and their families. It can be exceedingly difficult to design research that incorporates what is important but not so easily measured. Banks of big data and electronic health records may create an illusion of omniscience, beguiling investigators into believing that they contain everything that is worth knowing. But often the most meaningful parts of medical care occur at the interstitial space shared by patients, their loved ones and the ICU team. These are rarely documented and are difficult to depict with conventional forms of data. The term 'patient-centered outcomes' has been used to describe outcomes meaningful to patients and can be contrasted with 'clinician-centered outcomes', 'researcher-center outcomes' or 'healthcare organization-centered outcomes'. The best critical care research should seek to exploit the union of biography and biology, seeking to understand how illnesses and treatments interact to affect both the pathology and pathophysiology of disease, and also how patients and their families experience and make sense of illness and its aftermath.
Seminal work characterizing long-term patientcentered outcomes of ICU survivors by Dale Needham's group at Johns Hopkins University has identified measurements of physical function, cognitive function, psychiatric function and return to work as important to survivors of critical illness. Significantly, 'survival' received the second-lowest rating by patients and their families, compared with researchers, who supported survival as one of the most essential outcomes to be measured [23 && ]. In another study looking at perspectives of clinicians on 19 core domains as outcomes, survival was one of the key outcomes alongside physical function, health-related quality of life, cognitive function and return to work [24] . Healthcare utilization was one of the outcomes that ranked high in priority amongst the clinicians in Australia compared with the United States [24] .
With regards to death and dying, in a survey of Medicare beneficiaries, 86% of participants expressed preference to stay home at end of life [25 & ]. This is similar to a survey of elderly patients by the Camden Clinical Commissioning Group in the United Kingdom, where 'time spent at home' was identified as an important patient-centered goal [25 & ]. For elderly patients with chronic conditions, 'maintaining independence' ranked as the most important outcome, followed by pain or symptom relief, and lastly, staying alive [26] . A survey of severely ill hospitalized patients identified several health states to be 'worse than death'. These included bowel and bladder incontinence, relying on a breathing machine, not being able to get out of bed, not being able to eat or having a permanent cognitive impairment [27 && ].
MORTALITY AS A PATIENT-CENTERED OUTCOME
Short-term (28, 60, 90 days) mortality has been the cornerstone of most clinical researches testing an intervention or exposure in the ICU. Yet multiple problems make mortality obsolete as a meaningful outcome measure. Mere survival may not be important to patients if they are to spend the rest of their lives on organ support and in nursing homes [28] . Days alive and without organ failures may provide some advantages over just 'mortality' when studying ICU-specific syndromes and effectiveness of interventions [29 & ]. Inappropriate statistical methodology such as use of hazard ratios for short-term survival (implying that prolonged dying is a success) may further contribute to spurious inferences. Frequentist analysis and the use of threshold P values reported in randomized clinical trials have been criticized for lack of robustness in reporting significant effects of an intervention on risk of death [30 & ]. The vast majority of critical care trials using mortality as an endpoint have not yielded evidence that the interventions reduce the risk of dying [31] . Moreover, 'positive' critical care trials often have a high 'fragility index' [30 & ], meaning that minimal errors or biases may lead to different statistical outcomes. Paying attention to attributable causes of death could be more informative in sample size calculations and for testing an ICU-specific intervention. For example, if only 15% of mortality after sepsis admission is attributable to sepsis per se (rather than preexisting condition), even the most effective intervention will have only a small effect on total mortality [32 && ].
QUALITY OF LIFE, POSTINTENSIVE CARE SYNDROME AND SOCIOECONOMIC BURDEN
Until recently, patient-centered outcomes including quality of life, and functional and cognitive impairments have rarely been the primary focus of clinical studies [33] . The physical, mental and social debility experienced by survivors of critical illness has been defined as an entity of its own, as post-ICU syndrome (PICS). This also affects families of survivors, who risk a high prevalence of psychological symptoms [33, 34] . There has been a growing effort toward identifying and modifying factors in the ICU that may result in PICS. Delirium from a variety of causes, including the use of sedation, from hypoxia or metabolic imbalances and from severe sepsis, has been associated with PICS development [35 & ,36]. Physical therapy may improve functional status in patients with respiratory failure and resultant severe deconditioning [37, 38] . Sedation interruption and early mobilization in the ICU with physical and occupational therapy have shown to lower the number of days of delirium and result in better functional outcomes at hospital discharge [39] . Studies looking at cognitive and physical therapy post-ICU discharge suggest that such interventions are feasible and modestly effective in these domains [40, 41] . Asking patients or their loved ones to keep ICU diaries is another intervention that may lower the incidence of PTSD [16, 42] . PICS clinics, which are well established in the United Kingdom and parts of Europe, are beginning to become established in the United States. These serve as multidisciplinary support sources for patients as well as their families to address deficits in their different aspects of healthrelated quality of life [43] .
The socioeconomic burden of critical illness to patients and families is substantial yet rarely accounted for. In a prospective follow-up of ICU survivors, there was a 50% reduction in the number of patients whose income was based on employment [44] . Also noted in this study was the high burden of care for the survivors provided by family members [44] . In a cohort of ARDS survivors, close to half of those who were employed prior to critical illness returned to work at 6 and 12 months, and government medical insurance (Medicaid or Medicare) replaced employment-linked commercial medical insurance in a substantial number of cases [45 & ]. Those unable to return to work reported worse quality of life [45 & ]. Financial stress, even amongst the insured, impacts not only in survivors but also family members and is observed to have a direct effect on symptoms of anxiety and depression [46 & ]. Recently, experience from a 5-week multidisciplinary program InS:PIRE (Intensive care Syndrome: Promoting Independence and Return to Employment) from Scotland revealed effectiveness in improving quality of life and return to employment or volunteering in ICU survivors [47] .
QUALITY OF DYING
A primary focus on survival and quality of life in those who are fortunate to survive has, at times, overshadowed an equally important focus on quality of dying. Up to one-third of ICU patients die before hospital discharge, and most patients who die in the ICU do so after a decision has been made to withhold or withdraw some medical treatment [48, 49] . The quality of the process of end-of-life decision-making and caring for dying patients is variable among ICUs and among physicians in a single ICU [50, 51] . Several nursing, physician, hospital, family member and patient factors have been shown to play a role in end-of-life decision-making [52] .
Recent efforts have been made to identify important patient-centered as well as family-centered components essential to a high-quality dying process [53,54 ,55] . Beyond achieving adequate control of symptoms, incorporating high-quality dying as a meaningful outcome includes creating opportunities for patients and families to say goodbye [56] , helping patients achieve life closure and honoring last wishes [57] , getting affairs in order, honoring spiritual beliefs and traditions, not dying alone and maintaining a sense of awareness [53] . Understanding specific preferences that patients may have, such as participating in a family event or being at home, becomes essential when trying to deliver care that honors individuals' values and preferences [58] . Although medical care, and especially ICU care, may seem costly, at times the most important job is to build a complex ledge that stops the free-fall and buys everyone time to do or say what is important to them. If patients and their loved ones understand that descent is inevitable, 'the time on the ledge can become holy.' [59 & ].
CONCLUSION
Critical care, and all medical care, can and should be understood in the context of the trajectory of each person's life. Therefore, critical care's scientific inquiry should strive to incorporate key information about an individual's background to understand where in life's trajectory each patient is at the onset of critical illness. We recognize the enormous challenges that researchers face who are trying to develop reliable measures necessary for interpreting the effects of critical care exposures and interventions on meaningful outcomes. Patient preference, preexisting functional, cognitive and psychosocial status, and both quality of life and quality of dying ought to be taken into consideration when testing novel hypotheses. The population-based study suggested that cognitive impairment often precedes ICU admission, and patients who have mild cognitive impairment are at increased risk of ICU admission. 13.
